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Abstract The a.c electrical properties o f  bulk AgTISc have been siudHccl in the frequency range UF - 10' H / and in the temperature range 300
- 4‘>5 K M easurements revealed that the a c conductivity cT(r^ i) varied as o)' , where the index .s was variable and alw ays less than unity. The 
ternp*-*^ **^ *^*^ * dependence o f  lioth a.c. conductiv ity  and the index .\ is reasonably well interpreted by the correlated barrier htipping ( CBH ) m odel. 
MiMsiitemenis o f  capacitance and loss tangent show ed a w ell defined decrease with increasing frequency and an increase with increa.sing tempciature. 
All micipietation is presented, based on ex istin g  theory, for the case o f  a thermally activated process w'hcn using ohm ic contacts
Kf>words E lectiical properties, silver thallium  selenide
PV( S Nos. 72 80 Jc, 0 1 .1 0 .N /
1. Introduction
Uie chalcopyrite sem iconductors are ternary com pounds o f 
j^ fcai interest to scientists and engineers, because they show 
piomising applications in the area o f visible and infrared 
LI Ds, infrared detectors, optical param etric oscillators, up 
converters and solar cells [ 1 - 5 ]. The addition of T1 in the binary 
\vstem Ag-Se is expected to affect some o f its physical properties 
( |. Thallium -  containing chalcogenide have attracted much 
attention because o f  their technological application to acouslo- 
<>ptical devices [6, 7 ]. Most o f  the work in the fields of amorphous 
and crystalline sem iconductors have been done on thin film s 
iind conclusions drawn from such studies may not necessarily 
I>e applicable to bulk materials. Very little information is available 
•n the literature on conduction phenom ena in bulk crystalline 
Ag nSe . Therefore, the present com m unication reports some 
results on electrical p roperties over a w ide range o f 
*<^mpciatures and freq u en c ies  fo r bulk  A g T1 Se. T hese 
nieasurements provide useful inform ation about the conduction 
"mechanism in bulk Ag T1 Se .
^ r^responding Author
2. Experimental work
The bulk AgTlSe was prepared in the conventional way [8 , 
9 1 by melting the mixture o f five nine purity (99.999%) elements 
mixed in exact stoichiometric proportions in .sealed evacuated 
( about 10"-** Torr ) am poule held at 1170 K for several hours, 
shaken a num ber o f times to ensure thorough m ixing , and then 
slowly cooled at room temperature over two days . The resulting 
samples were cut with a wire cutting m achine and finally they 
were lapped and m irror polished.
X - Ray diffraction characterization o f powder Ag T1 Se was 
carried out using filtered CuK^^ radiation ( Philips X ' Pert ) 
operated at 40 kV and 25mA . The result o f the X - ray diffraction 
patterns obtained for AgTlSe in pow der form, illustrates that 
the bulk sample has polycrystalline nature as shown in Figure 1. 
Results o f careful analysis with J.C.P.D.S. card no.( 35-1140 ) 
indicate an orthorhom bic structure o f  Ag Tl Se.
The chemical compiosition o f  the bulk sample was monitored 
by carrying out quantitative analysis energy - dispersive 
sp ec tro sco p y , (E D X ) o n  a  Jo e l 5 4 0 0  sc a n n in g  e le c tro n
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microscope. These measurements were used to obtain the conect 
composition ( AgTl Se ).
For a.c. m easurem ents, the bulk sam ple o f  Ag TI Se was 
sandwiched between two ohmic A1 electrodes as lower and upper 
electrodes. A program m able autom atic RLC bridge ( PM  6304 
Philips ) was used to m easure the im pedance Z, the capacitance 
C and the loss tangent tan S directly. The sam ple was placed 
in a holder specially designed to m inim ize stray capacitance. 
Temperature o f the sam ple was m easured using a chrome 1 — 
alumel therm ocouple.
3. Results
The variation o f a.c. conductivity with frequency at ditfcrer 
fixed tem peratures (300 - 495K ) is shown in Figure 2. It is clea 
from the figure that the conductivity increases linearly wii 
frequency.
Figure 3 represents the therm al variation ot th 
frequency exponents determ ined over the frequency range 
The values o f  .v were derived from  slopes o f these lines ol tin 
figure. It is clear from this figure that s decreases with increasini 
temperature.
F ig u re  2. D ependence o f  a.c. conductiv ity  on frequency  at d ifferen t
fixed temperatures.
Figure 3. Dependence of the exponent .v on temperatures for 
frequency range.
The v a ria tio n  in th e  a .c . c o n d u c tiv ity  w ith  in v erse  
j^.jjiperature at six different frequencies is presented in Figure 4.
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It IS clear from the figure that a.c, conductivity decreases linearly 
with the inverse tem perature.
Fij»ure 4. D ependence o f  a .c. con d u ctiv ity  on inverse temperature at 
iliMerent frequencie.s.
The activation energy o f conduction A E ^  is calculated at 
(Jitfcicnt frequencies from the slopes o f lines o f Figure 4 . The 
frequency d ep en d en ce  o f  the a c tiv a tio n  en e rg y  for the 
investigated bulk AgTlSe is shown in Figure 5 . The obtained 
a c activation energy at any frequency is much lower than the 
d c activation energy obtained ( 0.57± 0.02 eV ) over the same 
range of temperature. It can also be seen that AE^  tends to 
decrca.se with increasing tem perature.
5. Dependence o f  ACiy on frequency.
figure 6 illustrates the dependence o f the capacitance on 
t<^mperature at various fixed frequencies (lOOHz - lOOkHz ). At 
icmperatures below about 336 K, the capacitance is independent 
temperature but above 336 K , it becom es tem perature- 
^^Pendent with the appearance o f  separate curves characteristic
o f frequency. These results are plotted in Figure 7 show ing the 
variation of capacitance with frequency at various tem peratures
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F ig u re  6 . D ependence o f  the capacitance on temperature at d ifferent 
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F ig u r e  7 . D ep en d en ce o f  the cap acitan ce  on frequency  at d ifferen l  
tem perauiies.
1 •:
,o  0.1 ^  c iS
0,01 -
t—— r*— » I
« 3 0 0  3 5 0  4 0 0  4 5 0
T(K)
F ig u re  8. D ependence of the loss tangent on tem perature at d ifferen t
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(300- 495 K). At temperature o f 336K and below, the capacitance 
is almost frequency, independent but at higher temperatures, 
the capacitance initially decreases rapidly with increasing 
frequency and subsequently approaches the low temperature 
values at h igher frequencies- F ig u res  8 and 9 rep resen t 
respectively the dependence o f  tan d  on tem perature and 
frequency ; in all cases, tan S  was found to increase with 
tem perature and to decrease with increasing frequency.
F ig u re  9. D ep en d en ce o f  the lo ss  tangent on freq u en cy  at d ifferent 
temperatures.
4* Discussion
4.1 A.C. Conductivity :
In o rder to accoun t for the te m p e ra tu re  and frequency- 
dependencies o f the a.c. conductivity, various theoretical models 
have appeared in the literature [ 10,11 ]. The a.c. conductivity 
cxico) may often be expressed as a function  o f frequency 
according to the follow ing expression f 1 2 ] :
(cr) = Aco" ( 1 )
where co is the angular frequency, >4 is a constant indep>endent 
o f  frequency (13] and s the frequency exponent.
According to the quantum  m echanical tunneling (QM T) 
model [ 14], the exponent s is alm ost equal to 0.8 and increases 
sligh tly  w ith  in c reas in g  te m p e ra tu re  o r in d ep en d en t on 
temperature. Therefore, QM T model is considered not applicable 
to the obtained results.
A ccording to the overlapping -  large polaron tunneling 
(OLPT ) model [15] , the exponent s is both tem perature and 
frequency dependen t, s  decreases with increasing tem perature 
from unity at room tem perature to a m inim um  value at a certain 
tem perature, then it increases w ith increasing tem perature. 
Therefore, OLPT m odel is also not applicable to the obtained 
results.
According to correlated barrier hopping ( CBH ) model, | 
values o f  the frequency exponent s  is ranged from 0.7 to i 
room tem perature and is found to decrease with increasino 
tem perature. This is in good agreem ent with the obtained 
results, so the frequency dependence o f can be explained 
in terms o f CBH model. The expression for s derived from the 
basis o f  this model is given by Elliott [17,18] as
s = 1 -0 = :  1 ^ (6  k T /W ^ ) .  (2,
where is the optical band gap o f  the material.
According to the Austin-M ott formula [19] based on C’BH 
model, a. c. conductivity ct(cu) can be explained in terms ot the 
hopping o f electrons between pairs o f  localized states at the 
Fermi level.
The dependence o f the a.c. conductivity on tempciaturc 
shown in F igure 4 indicates that the a.c. conductivity is a 
thermally activated process from different localized states m 
band gap |20  ]. The activation energy o f conduction is 
calculated at different frequencies from the slopes of lines id 
Figure 4 using the well known equation
cr = n-y exp { - A E „ /k T ) , (
where CTy is the value o f cr at \ /T  = 0. The obtainctJ ;n. 
activation energy at any frequency is much lower than the 
d.c. activation energy (0.57 ± 0.02 eV) over the same ranee p1 
tem p era tu re . T he d isc rep an cy  betw een  the d.c. and m  
activation energies, seems to be obvious since the charge camns 
in the d.c. conduction choose the easiest paths which ineliuic 
some large jum ps, while this is not so important in the ai. 
conduction [2 1 ].
It can  a lso  be seen  tha t AE^  tends to  decrease with 
increasing frequency as found for semi- conducting material
[22]. The increase o f the applied field frequency enhances the 
electronic jum ps betw een the localized states; c o n s e q u e n t ! )  
the activation energy decreases with increasing frequena
The discrepancy  betw een the d. c. and a. c. activation 
energies,the sm aller values o f the a.c. activation energy and the 
increase o f <y(co) with the increase o f frequency confirm the 
hopping conduction to be the dom inant mechanism.
4.2 Capacitance and loss tangent :
The results shown in Figures 6 - 9  are inconsistent with the 
m odelo f Simmons [23] which models the type of thin film 
structure in term s o f  a tem perature — dependent resistance 
sh u n ted  by a fix ed  c a p a c ita n c e  and  in se rie s  with two 
capacitances corresponding to the Schottky barriers existing 
when using blocking contacts .
This model predicts a m axim um  in tan <5 at a particular
frequency (co rrespond ing toam in im um in thequality  factor 0)
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However, the behaviour obtained from the bulk AgTISe in 
the present study may be explained at least qualitatively by 
the model of Goswami and Goswami [ 24 ] originally pn^posed 
torZnS films sandwiched between A1 electrodes which act as 
t)hrmc contacts for n-type materials. The capacitor system is 
assumed to com prise a frequency independent - capacitive 
element in parallel with a tem perature- dependent resistive 
element R due to the dielectric m aterial, both in series with a 
eonstant low value resistance r.
The measured equivalent series capacitance o f the circuit
,s given by
C, = C ' +
CO
1
-R -C ' (4)
This equation predicts the m easured capacitance should 
decrease with increasing frequency, that decreases with 
increasing frequency to a constant value C ' all temperatures, 
and that for any given  freq u en cy  C\ w ill increase  with 
temperature because o f the decreasing value o f R. The loss 
tangent is given by
coRC' (5)
where (I) is the angular frequency. From this equation, at low 
Irequcncies, the term  is dom inan t w hereas at higher
trequencies, the term in co is dom inan t and hence tan S  
bccMimcs proportional to frequency and nt) longer dependent 
on charge carrier concentrations within the material 1251. Thus, 
the above equation predicts a decrease in tan <5 at low frequency 
followed by a loss minimum at [ 15J
1
rRC '^
1/2
(6)
and an increase in tan S  t^t high frequency.
In common with the model o f  Sim m ons et al f23], the 
temperature dependence o f  the characteristics is assumed to be 
Jetermined through the variation o f  the interior resistance R 
'lu a thermal activation process described by
R == Rq exp { -A E /k T ) , (7)
where R^ is a constant. Such behaviour was, for exam ple, 
observed in v a rio u s  c o m p o u n d s  su ch  as th in  film s o f  
polycrystalline D y203 [26] , Cd Te [27] and am orphous SiO -
[28]. Sim ilar results have also been obtained in various 
organic compounds [29-32]. It is clear from the above expressions
(4) and (7) that the dependence o f capacitance shown in Figures 
b and 7 is broadly as predicted by the model . Furthermore, 
1^‘gures 8 and 9 show that tan S  also varies with both frequency 
n^d temperature as predicted by eqs. (5) and (7).
5* Summary and conclusions
The a.c. conductiv ity  o f  bulk A gT lSc, seem s to be both 
frequency and tem perature-dependent. R egarding the small 
values o f a.c. activation energy , the discrepancy between a.c. 
and d.c. activation energies and the frequency-dependence o f  
the a.c. conductivity , the conduction mechanism was suggested 
to be H opping  conduction . In add ition , the value o f  the 
frequency exponent s and its temperature dependence confirmed 
the applicability o f the CBH model to the investigated bulk 
AgTISe.
Both capacitance and loss tangent are found to decrease 
with increasing  frequency  and increase  w ith in c reas in g  
temperature. Such behaviour has been shown to be in qualitative 
agreement with the model o f Goswami and Goswam i [241, 
originally proposed for ZnS films without Schottky barrier. 
Clearly, although this model predicts the general features shown 
in our work ,even better agreement would require refinements to 
the model to include perhaps the effects o f the intergranular 
capacitance in the bulk AgTISe or the effects o f tem perature on 
the series resistance /*.
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